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USPTO but International Search Report prepared by the EPO or JPO $890.00 (970) 

International preliminary examination fee (37 CFR 1 .482) not paid to USPTO 
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$ 




TOTAL FEES ENCLOSED = 


$ 1,226.00 






Amount to be 
refunded: 


$ 


charged: 


$ 



a. 


□ 


b. 




c. 


□ 


d. 





Small entity status is hereby claimed. 
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Attorney's Docket No. 022701-966 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of 
Jerome PIERRARD et al. 

Application No. : Unassigned 

International Filing Date: 21 JUNE 2000 
(Corresponds to PCT/FROO/01725) 

For: AVIRULENT STRAINS OF 

XANTHOMONAS CAMPESTRIS 
WHICH PRODUCE XANTHAN 



Group Art Unit: Unassigned 
Examiner : Unassigned 



PREIJMTNA RY AM E NDMENT 



BOX PCT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: - 

Prior to examination, please amend the above-captioned application as follows: 



I N T HE C L AIMS: 

Kindly amend claims 2-19 as follows: 

2. (Amended) The bacterial strain as claimed in claim 1, which has been made 
stably nonphytopathogenic by inactivation of at least one gene, of the hrp or hrc gene 
group. 



3. (Amended) The bacterial strain as claimed in claim 1, which has been made 
stably nonphytopathogenic by inactivation of 5 to 9 genes of the hrp or hrc gene group. 
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4. (Amended) The bacterial strain as claimed in claim 1, which is a 
Xanthomonas strain which has lost the phytopathogenic nature by inactivation of at least 
one virulence gene, and which has conserved the ability to produce exopoly saccharide, 

5. (Amended) The Xanthomonas strain as claimed in claim 4, which is of the 
species Xanthomonas campestris, 

6. (Amended) The Xanthomonas strain as claimed in claim 5, which is 
Xanthomonas campestris pv campestris. 

7. (Amended) The Xanthomonas strain as claimed in claim 1, wherein the 
inactivation of said gene(s) is obtained by deletion of a region of DNA of at least 1 kb, in 
the hrp or hrc gene group, and it conserves the ability to produce exopoly saccharide. 

8. (Amended) The Xanthomonas strain as claimed in claim 1, which comprises 
a deletion of a region of DNA of at most 40 kb. 

9. (Amended) The Xanthomonas strain as claimed in claim 8, which is 
obtained by deletion of all or part of the hrp Al to hrpC2 genes. 



-2- 



.J„ O O i s B* & O & 03 O Ei! 

Application No. Unassigned 
Attorney's Docket No. 022701-966 

10. (Amended) An essentially nonphytopathogenic Xanthomonas strain 
comprising a deletion of a region of DNA of at least 1 kb, in the hrp or hrc gene group, 
and it conserves the ability to produce exopoly saccharide. 

1 1 . (Amended) An essentially nonphytopathogenic Xanthomonas strain, 
obtained by deletion of all or part of the hrp A1-C2 genes. 

12. (Amended) An essentially nonphytopathogenic Xanthomonas campestris 
strain, selected from the group consisting of BIOCAT 1016, BIOCAT 1017, BIOCAT 
1019, BIOCAT 1021 and BIOCAT 1022 strains, deposited at the CBS under the numbers 
CBS 101940, CBS 101941, CBS 101942, CBS 101943 and CBS 101944, respectively. 

13. (Amended) The Xanthomonas strain as claimed in claim 4, wherein the 
exopolysaccharide is a xanthan gum. 

14. (Amended) A method for preparing the strain as claimed in claim 9, 
comprising using a pRPA-BCAT 140 plasmid. 

15. (Amended) A method for preparing a strain as claimed in claim 7, wherein 
the strain is obtained by homologous recombination with a plasmid comprising a deletion of 
all or part of the hrp or hrc genes. 
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16. (Amended) A method for preparing bacterial exopoly saccharide, comprising 
culturing a bacterial strain as claimed in claim 1 under conditions which allow the 
production of exopolysaccharide in the fermentation medium. 

17. (Amended) A nucleic acid comprising the nucleotide sequence SEQ ID No. 

3. 

18. (Amended) A nucleic acid comprising the nucleotide sequence SEQ ID No. 

6. 

19. (Amended) A nucleic acid comprising the nucleotide sequence SEQ ID No. 

7. 
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R EM ARK S 

Entry of the foregoing amendments are respectfully requested. 
Should the Examiner have ciny questions concerning the subject application, a 
telephone call to the undersigned would be appreciated. 




P.O. Box 1404 

Alexandria, Virginia 22313-1404 
(703) 836-6620 

Date: December 21, 2001 
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Mark-up of Claims - Page 1 

Attachmen t to Preliminary Amendment dated Decemher 21, 2001 
Mark-up of Claims 2 - 19 

2. (Amended) The bacterial strain as claimed in claim 1, [characterized in that 
it] whl!^ has been made stably nonphytopathogenic by inactivation of at least one gene, 
[advantageously at least two genes, preferably at least three genes,] of the hrp or hrc gene 
group. 

3. (Amended) The bacterial strain as claimed in claim 1 [or claim 2], 
[characterized in that it] which has been made stably nonphytopathogenic by inactivation of 
5 to 9 genes of the hrp or hrc gene group. 

4. (Amended) The bacterial strain as claimed in claim 1, [characterized in that 
it] Mlich is a Xanthomonas strain which has lost the phytopathogenic nature by inactivation 
of at least one virulence gene, and which has conserved the ability to produce 

exopoly saccharide . 

5. (Amended) The Xanthomonas strain as claimed in claim 4, [characterized in 
that it] which is of the species Xanthomonas campestris. 

6. (Amended) The Xanthomonas strain as claimed in claim 5, [characterized in 
that it] which is Xanthomonas campestris pv campestris. 
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Mark-up of Claims - Page 2 

Attachment to Preliminary Amendment dated December 21. 2001 
Mark-up of Claims 2-19 

7. (Amended) The Xanthomonas strain as claimed in [any one of the preceding 
claims] clainLl, [characterized in that] wherein the inactivation of said gene(s) is obtained 
by deletion of a region of DNA of at least 1 kb, [preferably at least 3 kb, advantageously at 
least 5 kb,] in the hrp or hrc gene group, and [in that] it conserves the ability to produce 
exopoly saccharide . 

8. (Amended) The Xanthomonas strain as claimed in [any one of the preceding 
claims] claimLl, [characterized in that] which comprises a deletion of a region of DNA of at 
most 40 kb. 

9. (Amended) The Xanthomonas strain as claimed in claim 8, [characterized in 
that] which is obtained by deletion of all or part of the hrp Al to hrpC2 genes. 

10. (Amended) An essentially nonphytopathogenic Xanthomonas strain[, 
characterized in that it comprises] comprising a deletion of a region of DNA of at least 1 
kb, [preferably at least 3 kb, advantageously at least 5 kb,] in the hrp or hrc gene group, 
and [in that] it conserves the ability to produce exopoly saccharide, 

1 1 . (Amended) An essentially nonphytopathogenic Xanthomonas strain, 
[characterized in that it is] obtained by deletion of all or part of the hrp A1-C2 genes. 
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Application No. Unassigned 
Attorney's Docket No. 02270 1-966 
Mark-up of Claims - Page 3 

Attachment to Prelim inar y Amendment dated December 21. 2001 
Mark-up of Claims 2 - 19 

12. (Amended) An essentially nonphytopathogenic Xanthomonas campestris 
strain, [chosen] selected from the group consisting of BIOCAT 1016, BIOCAT 1017, 
BIOCAT 1019, BIOCAT 1021 and BIOCAT 1022 strains, deposited at the CBS under the 
numbers CBS 101940, CBS 101941, CBS 101942, CBS 101943 and CBS 101944, 
respectively. 

13. (Amended) The Xanthomonas strain as claimed in [one of claims 4 to 13] 
£lainL4, [characterized in that] wherein the exopolysaccharide is a xanthan gum. 

14. (Amended) A method for preparing the strain as claimed in claim 9. 
comprising using a pRPA-BCAT 140 plasmid[, used for manufacturing the strain as 
claimed in claims 9 to 13]. 

15. (Amended) A method for preparing a strain as claimed in [any one of claims 
7 to 13] claiiiLl, [characterized in fliat] wherein the strain is obtained by homologous 
recombination with a plasmid comprising a deletion of all or part of the hrp or hrc genes. 

16. (Amended) A method for preparing bacterial exopolysaccharide, [in 
particular xanthan gum, characterized in that] comprising culturing a bacterial strain[, 
where appropriate of the Xanthomonas genus, preferably of the species Xanthomonas 
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Mark-up of Claims - Page 4 

Aftachmen t to Prelimi nar y Amendment dated December 21. 2001 
Mark-up of Claims 2 - 19 

campestris] as claimed in [any one of claims 1 to 13] clainLl [is cultured] under conditions 
which allow the production of exopolysaccharide in the fermentation medium. 

17. (Amended) A nucleic acid[, characterized in that it comprises] comprisiag 
the nucleotide sequence SEQ ID No. 3. 

18. (Amended) A nucleic acid[, characterized m that it comprises] comprising 
the nucleotide sequence SEQ ID No. 6. 

19. (Amended) A nucleic acid[, characterized in that it comprises] comprising 
the nucleotide sequence SEQ ID No. 7. 
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AVIRULENT STRAINS OF XANTHOMONAS CAMPESTRIS WHICH 

PRODUCE XANTHAN 

The invention relates to novel bacterial 
5 strains, especially strains of Xanthomonas , in 

particular Xanthomon^s campBStris , which have lost the 
phytopathogenic nature but which have substantially 
conserved the ability to produce exopolysaccharide, in 
particular xaijthan gum. 

10 Xanthomonas campestris pv. campestrls is a 

phytopathogenic Gram-negative bacterium of Crucifers 
which is used for the industrial production of xanthan 
gum (Martin, 1994, Res. Microbiol. 145:9 93-97). 
The economic importance of this 

15 exopolysaccharide gives rise to many studies concerning 
the genes involved in this synthesis (Martin, 1994, 
mentioned above) , 

Many determinants of pathogenicity have been 
described (Dow and Daniels, 1994, In bacterial 

20 pathogenesis of plants and animals, JL Dangl, ed. 
Springer Verlag, Heidelberg) . Among these, are 
extracellular enzymes with hydrolytic activity on plant 
tissues. When the secretion system responsible for 
exporting these enzymes is inactivated, strains of 

25 X. campestrls have a nonphytopathogenic phenotype which 
is associated with with very reduced symptoms in the 
plants (Dow and Daniels, 1994, mentioned above) . Among 
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the determinants of pathogenicity described is 
exopolysaccharide, which appears to have a role in the 
early phase of the disease (Dow and Daniels, 1994, 
mentioned above; Katzen et al . , 1998, J, Bacterid. 
5 180: 1607-1617). Similarly, an hrpXc gene, described in 
X. campestris pv. campestrls (Kamoun et al . , 1992, Mol. 
Plant Microbe Interact. 5: 22-33), is involved in 
suppressing the defense responses of the compatible 

.V- 

host plant, since the mutation of this gene leads to a 

10 characteristic necrotic reaction (hypersensitivity 

response, HR) . The avirulence genes described in the 
various pathovars of X. campBstris are also involved in 
the pathogenicity of the bacteria since they are 
recognized by plants which have the resistance gene 

15 corresponding and leading to an HR reaction (Dow and 

Daniels, 1994, mentioned above; Yang et al . , 1995, Mol. 
Plant Microbe Interact. 8: 627-631). Among the other 
genes involved in the pathogenicity of Xanthomonas (Dow 
and Daniels, 1994, mentioned above) , two of the genes 

2 0 have been described in X. campBStris pv campestris , 
mutations of which lead to reduced pathogenicity 
without the levels of accumulation of extracellular 
enzymes and of exopoly saccharides being modified 
(Osbourn et al . , 1990, Mol. Plant Microbe Interact. 3: 

25 280-285). Other determinants of pathogenicity consist 

of various independent sets of genes which regulate the 
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synthesis of extracellular enzymes and of 
exopolysaccharide, among which are: the rpfA to H 
genes, mutations of which lead to a decrease in the 
production of exopolysaccharide; the rpfN gene, a 
5 repressor of the synthesis of these enzymes and of 
exopolysaccharide; the dp gene, mutations of which 
lead to reduced pathogenicity and to decreased 
production of exopolysaccharides (Dow and Daniels, 
1994, mentioned above) . Finally, other determinants of 

10 pathogenicity consist of the hrp genes. 

The hxrp (hypersensitivity reaction and 
pathogenicity) genes are essential for the 
pathogenicity concerning a compatible plant and for the 
hypersensitivity reaction concerning resistant hosts 

15 (Alfano and Collmer, 1997, J. Bacteriol. 179: 5655- 
5 662) - They have been cloned and characterized to 
diverse degrees in several phytopathogenic bacteria of 
the Erwlnia, PseudomoneLS , Ralstonia and Xaxithomonas 
genera, in which they are relatively conse3rved (Zurek 

20 and Bukowski , 1998, Acta Microbiologica Polonica, 47: 
227-241; Alfano and Collmer, mentioned above) , in 
particular in X. campestris pv. vesicatoria (Huguet et 
al., 1998, Molec. Microbiol 29: 1379-1390; Fenselau et 
ai . , 1992, Molecular Plant-Microbe Interactions, 5: 

25 390-396; Bonas, 1994, mentioned above). The most 

conserved among them have, moreover, been renamed hrc 




genes (Bogdanove et al . , 1996, Mol. Microbiol., 20: 
681-683) - Among the functions of the hrp genes 
described to date are the regulation of their 
expression, the production of proteins which elicit the 
5 host's response, the constitution of a specific ("type 
III") secretion system and the synthesis of periplasmic 
glucans (Zurek et Bukowski, 199 8, Acta Microbiologica 
Polonica, 47: 227-241; Mudgett et Staskawicz, 1998, 
Current Opinion in Microbiology 1: 109-114; Lindgren, 

10 1997, Annu Rev. Phytopathol. 35: 129-152; Alfano and 

Collmer, 1997, mentioned above; Bonas, 1994, mentioned 
above) . A set of hrp genes has been cloned in 
X. campestrls pv. campestris (Arlat et al . , 1991, Mol. 
Plant Microbe Interact 4: 593-601) but not sequenced. 

15 It has also been reported that strains which carry 
mutations in these genes, produced by virtue of a 
transposon, are thought to have a normal production of 
exopolysaccharide, according to the appearance of the 
colonies on a dish. No more precise quantification of 

20 the xanthan productivity of these strains has, however, 
been published. 

In addition, the mutations produced in these 
strains are not sufficiently stable in nature for 
industrial use for the production of xanthan gum. 

25 Specifically, the transposon used contains the gene 

encoding transposase (Simon et al . , 1989, Gene 80: 161- 
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169), which does not exclude an event of excision of 
the transposon at a freqiaency which may be estimated at 
between 10"^ and 10'^ per generation (Berg et al . , 1989, 
In Berg and Howe ed. , Mobile DNA, American Society for 
5 Microbiology, Washington D-C. pp 879-926; Craig, In 
Escherichia, coli and SalmonGlla, Neidhardt ed., ASM 
Press, Washington, D.C. pp 2339-2362) . In addition, the 
transposon used contains a gene for resistance to the 
antibiotics neomycin and kanamycin. Finally, the 
10 transposon inserted into the genome of these strains 

constitutes a DNA element which is nonhomologous since 
it is not a natural element of the genome of the strain 
used . 

Although, at the current time in Europe, 
15 there is no specific regulation imposed by the 

phytopathogenic nature of Xanthomonas campestris pv. 
campestris , it is highly desirable, for reasons related 
to the environment, to use nonphytopathogenic strains 
of Xanthomonas campestris , in order to decrease the 
2 0 possible risk of contamination of cultures of agronomic 
interest close to the site. Selecting such a strain 
using conventional techniques of random mutagenesis for 
production is a long and tedious process since it must 
involve high throughput screening for isolating a 
25 strain which is ^ nonphytopathogenic but which has 

conserved its productivity characteristics, i.e. with 
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no secondary mutations . 

Moreover, the use of a genetically modified 
strain which produces a modified xanthan gum (as 
described in US 5,514,791) or which has improved 
5 productivity is subject to strict regulation (Theilleux 
1998, Dictionnaire permanent Bioethique et 
Biotechnologies [Permanent dictionary of bioethics and 
biotechnology] , ed Legislatives [legislative ed] , 
pp 1595-1648) : The latter imposes, in particular for a 

10 construct produced in a strain presenting a danger to 
plants, the adoption of strict measures of containment 
at the site of production. The necessary expenditure 
would then have negative economic consequences. 

Conseqiaently, a need exists for an industrial 

15 strain of X. campestrls which stably lacks a 

phytopathogenic nature but which has retained its 
productivity properties with xanthan gum. In addition, 
because of regulations and in order to simplify the 
treatment of the waste derived from separating the 

20 xanthan g\im from the biomass, it is useful for the 
strain not to contain a heterologous gene encoding 
resistance to an antibiotic. Finally, with regard to 
French and European legislation, it is preferable for 
the strain obtained to have been constructed by 

2 5 autocloning, which means that it does not contain any 
DNA elements foreign to its natural genetic 
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inheritance . 

The studies by the inventors have allowed the 
construction of a strain of X. campestris which has the 
required properties - 
5 Surprisingly, it has been shown, by virtue of 

the invention, that a bacterium which has become stably 
nonphyt ©pathogenic, by deletion of a fragment of 
considerable size which affects several kilobases of 
genes involved in virulence, is, however, capable of 

10 producing xanthan gum. 

Even more surprisingly, the modified strain 
of the invention produces xanthan gum in an amount and 
a quality in all respects comparable to that produced 
by the wild-type strain from which the construct was 

15 produced. 

A subject of the invention is a bacterial 
strain which has lost the phytopathogenic nature by 
inactivation of at least one virulence gene, and which 
has conserved the ability to produce exopolysaccharide . 

2 0 The bacterial strain according to the 

invention is advantageously made stably 
nonphytopathogenic by deletion of at least one gene, 
advantageously at least two genes, preferably at least 
three genes, of the hrp or hrc gene group, and 

2 5 preferably 5 to 9 genes of the hrp or hrc gene group. 
The expression "stably lacks a 
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phytopathogenic nature" is intended to mean that this 
character is conserved after a number of cell cycles of 
at least 20 generations, advantageously of at least 30 
generations, preferably of at least 40 generations. 
5 Among the bacteria which have lost their 

phytopathogenic nature and which can advantageously be 
used for industrial production of exopolysaccharide, 
mention may be made in particular of the following 
genera: Ejcwinia, Pseudomon^s, R&lstonia. and 

1 0 Xan thomonas . 

A subject of the invention is in particular a 
Xanthomonas strain which essentially stably lacks a 
phytopathogenic nature and which has substantially 
conserved the ability to produce exopolysaccharide . 

15 The expression "essentially 

nonphytopathogenic" is intended to mean the absence of 
spreading lesions and/or withering on leaves of host 
crucifer plants, in particular cabbage (Brassica 
oleracera) , after at least 15 days following 

.20 inoculation of the leaf by injuring the midrib. 

Advantageously, the Xanthomonas strain is of 
the species campestiris , in particular pv, campestiris . 

The inactivation of said gene{s) is 
preferably obtained by deletion of at least 1 kb, 

25 preferably at least 3 kb, advantageously at least 5 kb, 
in the hrp or hrc gene group, preferably 9 kb and 
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possibly ranging up to 40 kb in the Jirp or hrc gene 
group . 

In a preferred embodiment, the essentially 
nonphytopathogenic strain of Xanthomonas , in particular 
5 campestris , according to the invention is obtained by 
deletion of the hrpAl to hrpC2 genes of a 
phytopathogenic wild-type strain of 
Xanthomonas campestris pv campestris . 

The xanthan gum produced by the strains of 
10 Xanthomonas of the invention is a xanthan gum 

substantially identical to that produced by the wild- 
type species, namely it has substantially the same 
molecular weight distribution, and also the same degree 
of modifications, in particular degrees of acetylation 
15 and of pyruvylation . 

A subject of the invention is also a method 
for preparing a strain as defined above, characterized 
in that it is obtained by homologous recombination with 
_ a plasmid comprising a deletion of all or part of the 
2 0 hrp or Jirc genes. 

A subject of the invention is also a method 
for preparing bacterial exopolysaccharide, in 
particular xanthan gum, characterized in that a 
bacterial strain, where appropriate of the Xanthomonas 
25 genus, preferably of the species Xanthomonas 

campestris , as defined above is cultured under 
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conditions which allow the production of 
exopolysaccharide in the fermentation medium. 

I'he following examples illustrate the 
construction of strains of Xanthomonas campestris which 
5 correspond to the characteristics of the invention. 

In these examples y the construction was 
carried out using a strain of Xanthomonas campestrls pv 
campestris obtained by screening xanthan gum. 

It goes without saying that other strains of 

10 Xanthomonas and also of exopolysaccharide-producing 
bacteria which belong to a different genus and which 
are accessible to those skilled in the art, may be used 
as starting raw material for producing 
nonphytopathogenic strains, in accordance with the 

15 general knowledge of the technical field in question 
and with the indications given hereinafter, in 
particular with reference to the portions of sequences 
reported when the strain belongs to the species 
Xan thomonas campes tri s . 

20 In order to understand the examples, 

reference will be made to the attached figures in 
which: 

- figure 1 diagrammatically represents the 

strategy for construction of derivatives of the strain 
25 of X. campestrls RPA-BIOCAT82 6 , which carry an hrp gene 
deletion. 
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The organization of the hrp genes in 
X. campestris pv vesicatoria is described by Fenselau 
and Bonas (1995, Mol . Plant Microbe Interact. 8 (6), 
845-854) and by Fenselau et al . , (1992, Mol. Plant 
Microbe Interact. 5, 390-396) and is partly available 
in Genebank under the accession number U 33548. The 
homologous regions cloned from the RPA-BIOCAT826 strain 
are represented, as is the name of the plasmids in 
which they were cloned. The restriction map of the hrp 
region of X. campestris pv campestris is published by 
Arlat et al . , 1991, Mol. Plant Microbe Interact 4: 593- 
601, and is completed by the results given in examples 
1 to 4. The AhrpAl-C2 deletion carried by the pRPA- 
BCAT140 plasmid described in the examples was 
introduced into the genome by double homologous 
recombination; 

- figure 2 represents the hybridization 
signals obtained by Southern Blot with the HRPB5 probe 
described below and the genomic DNAs of the RPA- 
BIOCAT82 6 strain and of two derivatives of this strain 
which have integrated the AhrpAl-'C2 deletion. The 
position of the size marker bands was reported by 
comparison with the distance of migration on the gel 
stained with ethidium bromide before transfer. These 
sizes are expressed in kilobases. 

- figure 3 represents the hybridization 
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signals obtained by Southern Blot with the HRPC2 probe 
described below and the genomic DNAs of the RPA- 
BIOCAT82 6 strain and of 5 derivatives of this strain 
which have integrated the Ahzj^Al-C2 deletion. The 
5 position of the size marker bands was reported by 

comparison with the distance of migration on the gel 
stained with ethidium bromide before transfer. These 
sizes are expressed in kilobases. 

Matearlals and methods 

10 Unless otherwise specified, the techniques 

used are conventional molecular biology and 
microbiology techniques known to those skilled in the 
art, as described, for example, by Ausubel et al . , 1987 
(Current Protocols in Molecular Biology, John Wiley and 

15 Sons, New York; Maniatis et al . , 1982, Molecular 
Cloning: a laboratory manual. Cold Spring Harbor 
Laboratory, Cold Spring Harbor, New York) and Coligan 
et al - , 1997 (Current Protocols in Protein Science, 
John Wiley & Sons, Inc.) . 

20 1, Starting strain 

The RPA--BIOCAT82 6 strain is derived from the 
collection of Rhodia Chimie (Melle factory, RTAM) and 
was selected for its white morphological appearance 
instead of the usual yellow appearance. The RPA- 

25 BIOCAT1016, 1017, 1019 and 1021 strains were deposited 
at the CBS under the respective numbers CBS 101940, 
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CBS 101941, CBS 101942, CBS 101943 and CBS 101944. 
2 . MSX culture mediiim 

The MSX medium used for culturing Xanthomonas 
contains: 0.2 g/1 of yeast extract; 1.2 g/1 of NH4NO3 ; 
5 7.3 g/1 of K2HPO4; 0.25 g/1 of MgS04.7H2O; 1 g/1 of~ 

glucose and 15 g/1 of Bacto-Agar for the agar medium; 
10 g/1 of glucose for the liquid medium. The magnesium 
sulfate and the glucose are sterilized separately and 
added extemporaneously. The pH of the medium is 

10 eqiailibrated at pH 7.2, before sterilization, with 
sulfuric acid diluted to 10%. 

The genomic DNA preparations were produced 
from young liquid cultures in MSX (OD660 less than 
0.4). After centrif ugation of 40 ml of culture, the 

15 cell pellet is taken up in 11.9 ml of TE buffer 

(Current Protocols in Molecular Biology, John Wiley and 
Sons, New York) and 630 m1 of 10% SDS (sodium dodecyl 
sulfate) , and then 63 /xl of proteinase K at 20 mg/ml 
are added. After incubation for 1 h at 37 0C, 2 . 1 ml of 

20 5M NaCl are added, followed by 1.7 ml of 10% CTAB in a 
0.7M NaCl solution, and the entire mixture is incubated 
for 10 minutes at 65oc. After a first extraction with 
an equivalent volume of a chloroform/ isoamyl alcohol 
(24:1) mixture followed by a second extraction with an 

25 equivalent volume of a phenol /chloroform/isoamyl 

alcohol (25:24:1) mixture, the supernatant is added to 
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0-6 voliime of isopropanol. After centrif ugation (5 min 
at 10 000 rpm) , the pellet obtained is washed in 70% 
ethanol and then dried before being taken up in at 
least 2 ml of TE, to which 25 /xl of a 5 mg/ml RNAse 
5 solution are added. After -incubation for 1 h at 37oc, 
an extraction with phenol /chloroform/isoamyl alcohol is 
carried out and the DNA from the supernatant is 
precipitated by adding 0.1 volume of 3M sodixim acetate 
and 2.5 volumes of ethanol- The pellet obtained after 
10 centrifugation for 5 minutes at 14 000 rpm is washed 
with 70% ethanol, dried and then resuspended in at 
least 0.5 ml of TE. 

EXAMPLK 1: 

Cloning of the lirpC2 region of RPA-BIOCAT826 

15 The region targeted was amplified by PGR 

starting with the genomic DNA of the RPA-BIOCAT82 6 
strain using the primers XcC2 . 3 (SEQ ID No . 1) and 
XCC2.4 (SEQ ID No. 2) . The genomic DNA of the RPA- 
BIOCAT82 6 strain was extracted and used in a PGR 

2 0 reaction containing 100 ng of genomic DNA, 40 pmol of 
each primer, 0 . 2 mM dNTP and 1.25 U of Pwo polymerase 
(Boehringer Mannheim) in a final volume of 50 /xl of the 
buffer for this enzyme. After incubation for 5 min at 
9 5^C, the mixture first underwent 30 cycles comprising 

25 incubation for 1 min at 94°G, then 1 min at a 

temperature ranging from 63 °G to 48°C (in steps of 
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O.S^C per cycle) and 1 min at 72oc, then 15 cycles 
comprising incubation for 1 min at 94°C, followed by 
1 min at 48°C, and one minute at 72^0 and, finally, 10 
min at 72 ^C. The amplification product, which was close 
5 to 1.2 kb in size, was purified by migration on agarose 
gel and then using the Qiaex kit (Quiagen) . It was then 
cloned into the pZERO-1 vector (Invitrogen BV) opened 
with EcoRV. After transformation of the E. coli strain 
JMllO, a clone harboring a plasmid which had integrated 

10 the 1.2 kb fragment was selected. This plasmid was 

named pRPA-BCAT91 and the insert which it contained was 
sequenced (Genome Express, Grenoble, France) . The 
sequence obtained (SEQ ID No , 3) was aligned with the 
sequence of the hrpC2 gene of X. campestris pv 

15 vesicatoria (Fenselau et al . , 1992, Molecular Plant 
Microbe Interactions, 5: 390-396). 87% identity was 
found over the 1188 bp representing 61% of the hrpC2 
gene. The amino acid sequence deduced from the 
nucleotide sequence shows a percentage identity of 92% 

2 0 compared to the equivalent portion of the sequence of 
the HrpC2 protein of X. c^pestris pv vesicatoria. 
EXAMPLE 2: 

Cloning of the HrpA region of RPA-BIOCAT826 

This region was cloned by screening a partial 
2 5 genomic library of the RPA-BIOCAT82 6 strain using a 

nucleotide probe corresponding to the equivalent region 
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of the X, campestris pv vesicatoria strain. This region 
is available in a plasmid named pL3o, which contains a 
6-6 kb EcoRV insert encompassing the hrpBS and hrpAl 
genes of X. campestris pv vesicatoria (Fenselau et al . , 
5 1992, Molecular Plant-Microbe Interactions, 5: 390- 
396) . 

The HRPAl probe was prepared by PGR using the 
primers XcvAlS (SEQ ID No . 4) and XcvAlS (SEQ ID No. 
5), each at 4(J^ pmol, the pLSo plasmid matrix (40 ng) , 

10, 0.2 mM dNTP and 1.25 U of Pwo polymerase (Boehringer 

Mannheim) in a final volume of 5 0 /il of the buffer for 
this enzyme. After incubation for 5 min at 95°C, the 
mixture underwent 30 cycles comprising a seq[uence of 30 
seconds at 94^0, 1 min at 55°C and 1.5 min at 72°C. 

15 After a final incubation of 10 min at 72^C, the 664 bp 
amplification product was purified on agarose gel and 
then with the Quiaex kit (Quiagen) . 

Approximately 10 MOT of genomic DNA of the 
RPA-BIOCAT826 strain were digested with 100 units of 

20 EcoRI for 16 h at 37 °C. The conventional Southern Blot 
technique was then used in order to determine the size 
of the EcoRI fragment which hybridized with the HRPAl 
probe described above. After migration on agarose gel 
of the EcoRI digestion above, transfer onto a Hybond N+ 

25 membrane (Amersham) using hybridization at 55°C for 19h 
in an aqueous hybridization solution. (0.5% SDS; 6% SSC; 
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0.25% of powdered skimmed milk) with the HRPAl probe 
labeled with phosphorus 32 using the Ready-To~Go kit 
(Pharmacia Biotech) according to the manufacturer's 
indications, and washing at 55^C with a solution of 
5 0.2 SSC and 0.1% SDS, the membrane was autoradiographed 
for 19 h at -80°C. Development of the film revealed a 
hybridization signal close to 7.3 kb in size. 

A partial genomic library of the RPA- 
BIOCAT826 strain was therefore produced by digesting 

10 100 Mg of genomic DNA of this strain with 1 000 units 
of the EcoRI enzyme for 2 0 h at 37 °C- After migration 
on agarose gel, the region corresponding to the 
fragments between 7 and 8 kb in size was cut out and 
the DNA extracted from the gel by electroelution in a 

15 dialysis bag (Spectra/Por membranes from Spectrum 
Medical Industries, Inc.)- After precipitation with 
ethanol, the DNA was ligated in a final volume of 10 ^1 
to the pBlueScript II SK vector (Stratagene) , opened 
beforehand with the EcoRI enzyme and then 

20 dephosphorylated with shrimp alkaline phosphatase 
(United States Biochemicals) . After incubating the 
ligation mixture for 14 h at 16°C, a tenth of the 
mixture was used to transform E, coli DHSalpha cells by 
electroporation. Approximately 3 000 transf ormants were 

25 analyzed by hybridization of colonies transferred onto 
nylon membrane, using the HRPAl probe. Twelve colonies 
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giving a positive hybridization signal were purified on 
LB agar medium containing 100 /ig/ml of ampicillin. The 
plasmids of twelve purified colonies were extracted and 
EcoRI digestions of these plasmids were analyzed by 
Southern blot with the HRPAl probe in order to confirm 
the presence of an approximately 7.3 kb fragment which 
hybridized with this probe. After restriction analysis 
with various enzymes, a 2.7 kb SacII fragment and a 
1 . 6kb SacII fragment were subcloned into the 
pBlueScript II SK vector opened with SacII, to give the 
PRPA-BCAT13 5 and pRPA-BCATl34 vectors, respectively. 
These two vectors were partially sequenced (Genome 
Express, Grenoble) and this revealed the presence of a 
1818 bp open reading frame (SEQ ID No . 6) , the deduced 
peptide sequence of which exhibits 85% identity with 
the HrpAl protein of X. campestrls pv veslc^toria 
(Fenselau et al . , 1992, Molecular Plant-Microbe 
Interactions, 5: 390-396). 
EXAMPLE 3: 

Construction of stzraizis derived from RPA- 
BXOCAT826, containing a Ahx^Al-C2 deletion 

The Ahz'pAl-C2 deletion was constructed 
in vitro by cloning, into the pJQ200SK plasmid (Quandt 
and Hynes, 1993, Gene 127: 15-21), a fragment of pRPA- 
BCAT134 and a fragment of pRPA-BCAT91 (cf. figure 1). 
The pRPA-BCAT91 plasmid was opened with Ncol and then 
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treated with polymerase I (Klenow fragment) for 15 min 
at 30°C in the presence of 25 mM of dNTP , After 
extraction with phenol /chloroform/isoamyl alcohol and 
then precipitation with ethanol, the sample was taken 
5 up in 40 m1 of water in order to be treated with 20 
units of Xbal at 37 °C followed by 2 0 units of Apol at 
50°C. The approximately 1.2 kb fragment was then 
separated by gel and recovered with the Quiex II kit 
(Quiagen) . Th^ approximately 1.3 kb Rsal-SacII fragment 

10 of pBCATl34 was purified in an identical way. These two 
fragments were ligated to the pBlueScript II SK vector 
opened with the SacII and Xbal enzymes, to give the 
pRPA-BCATl3 9 plasmid. An approximately 2 . 5 kb Sacl-Xbal 
fragment carrying the AhrpAl-C2 deletion could then be 

15 extracted from this plasmid so as to be cloned into the 
pCrQ200KS plasmid opened with the Sad and Xbal enzymes. 
The resulting plasmid was named pRPA-BCAT140 . It is a 
plasmid which is nonreplicative in X. campestrls , which 
carries the gentamycin resistance' marker for selecting 

20 the clones of X. campestrls which have integrated the 
plasmid by homologous recombination, and which carries 
the positive selection marker sacB for selecting the 
clones which have eliminated the gentamycin resistance 
marker following a second homologous recombination 

2 5 event. 

The PRPA-BCAT140 plasmid was introduced into 
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the RPA-BIOCAT826 strain by conjugation. To do this, 
40 All of a culture in the exponential phase of the 
DH5 alpha strain harboring pRPA-BCAT140 , 40 m1 of a 
culture in the exponential phase of the HBlOl strain 
5 harboring the pRK2013 plasmid (Ditta et al . , 1980, 

Proc. Natl. Acad. Sci . USA 77: 7347-7351) and 40 Ml of 
a culture of the RPA-BIOCAT826 strain in the 
exponential phase, in an MSX medium, were mixed on MSX 
agar medium. After incubation for 24 h at 3 0*^C, the 

10 clones of X. c^jpestris which had integrated the pRPA- 
BCAT140 plasmid were purified twice consecutively on an 
MSX agar medium containing ~ 15 /xg/ml of gentamycin. 
Eight clones were then plated out over a surface of 
approximately 1 cm^ on an MSX agar medium containing 5% 

15 sucrose. After incubation for 72 h at 30°C, colonies 
were isolated by two successive purifications on MSX 
agar medium. Approximately 3 00 colonies were then 
subcultured on MSX agar medium containing 15 /ig/nil of 
gentamycin in order to identify the gentamycin- 

20 sensitive clones (from 90 to 100% of the clones 

depending on the assays) . About forty of these clones 
were then analyzed by Southern Blot using EcoRI-BamHI 
digestion of their genomic DNA and the HRPAl probe. 
Approximately 25% of the clones exhibited a signal 

2 5 which was different from that of the wild- type RPA- 

BIOCAT826 strain and coherent . with integration of the 
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idii2rpAI-C2 deletion. Five clones were selected for the 
remainder of the experiments: RPA-BIOCAT strains 1016, 
1017, 1019, 1021 and 1022. 
EXAMFI.E 4: 

5 Cliaract:erizat±on by Sout:2iern Blot: of the 

strains derived from RPA-BIOCAT826/ containing a 
Al2JrpAl'-C2 deletion 

The RPA-BIOCAT strains 1016, 1017, 1019, 1021 
and 1022 were'^characterized by analyzing the 
10 hybridization profiles of EcoRI , BamHI and EcoRI-BamHI 
digestions of genomic DNA, with the HRPS'Al, HRPB5 and 
HRPC2 probes . 

The HRP3'A1 probe was obtained by purifying 
the 1.6 kb SacII fragment of the pRPA-BCAT134 plasmid 
15 by migration on gel and using the Quiaex kit. 

The HRPC2 probe was obtained by purifying the 
1.2 kb EcoRI -Xbal fragment of the pRPA-BCAT91 plasmid 
by migration on gel and using the Quiaex kit. 

The HRPB5 probe was obtained by purifying the 
20 1.5 kb BamHI fragment of the pRPA-BCAT129 plasmid by 
migration on gel and using the Quiaex kit. Seg[uencing 
of this insert revealed, in particular, an open reading 
frame (SEQ ID No. 7), the deduced peptide sequence of 
which exhibits 77% identity with the HrpBS protein of 
25 X. campestris pv vesicatorla. (Fenselau et ai . , 1995, 

Mol . Plant-Microbe Interactions , 8 : 845-854 ) . The pRPA- 
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BCAT12 9 plasmid was obtained by cloning the BamHI 
genomic DNA fragments of the RPA-BIOCAT826 strain, 
which are between 1.3 and 1.9 kb in size, into the 
pBlueScriptllSK vector and screening the colonies with 
5 an HRPB probe in a manner similar to that described in 
example 2 . The HRPB probe was obtained by PGR using the 
primers RST2 and RST3 (Leite et al - , 1994, Appl . 
Environ. Microbiol. 60: 1068-1077) and the pBlOg 
plasmid matrix (U, Bonas, personal communication) . The 

10 pBlOg plasmid corresponds to the pBluescriptKS plasmid 
into which the 7.3 kb BamHI fragment containing the 
hrpB region and the hrpAl gene of Xanthomonas 
campestrls pv vesicatorla. (Fenselau et al . , 1995, Mol . 
Plant-Microbe Interactions, 8: 845-854) is cloned. The 

15 PGR reaction was carried out with 40 pmol of each 

primer, 50 ng of pBlOg, 0.2 mM dNTP and 1.25 U of Pwo 
polymerase (Boehringer Mannheim) in a final volume of 
50 Ml of the buffer for this enzyme. After incubation 
for 5 min at 95°C, the mixture first underwent 24 

20 cycles comprising incubation for 30 seconds at 95°C, 
then 40 seconds at a temperature ranging from 70°C to 
63°C (by steps of 0.3°C per cycle) and 1 min at 72^0, 
and then 6 cycles comprising incubation for 3 0 seconds 
at 95°G, followed by 40 seconds at 63°G and one minute 

2 5 at 72°C and, finally, 5 min at 72*^C. The approximately 
840 bp fragment was then purified on agarose gel and 
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using the Quiaex kit (Quiagen) . 

The Southern Blot analysis was carried out by- 
labeling the probes using the *"Megapriine DNA labelling 
system" kit (Amersham) according to the instructions 
5 provided. After migration on agarose gel, the genomic 
DNA digestions were transferred onto Hybond N+ 
membranes (Amersham) according to the indications 
provided, and then incubated in the hybridization 
solution composed of a 0 . 5M phosphate buffer and of 7% 

10 SDS (115 ml of IM Na2HP04 , 84,6 ml of [lacuna] M NaH2P04, 
200 ml of H2O and 28 g of SDS) . The labeled probes are 
incubated for 5 min at lOO^C and then for 5 min at room 
temperature, before being diluted in 12 ml of 
hybridization solution and incubated for 5 min at 

15 lOO^C. This mixture is then brought into contaqt with 
the membranes for 6 to 20 h at 65 °C. The latter are 
then washed for 10 to 15 minutes in a 0 . 1 M phosphate 
buffer containing 1% of SDS (42.3 ml of IM Na2HP04, 
57.7 ml of IM NaH2P04, 900 ml of H2O and lOg of SDS) and 

2 0 then exposed. 

The results obtained with the HRPB5 probe 
(figure 2) show, for the RPA-BIOCAT82 6 strain, a 
hybridization signal at approximately 4.8 kb with the 
EcoRI digestion and a signal at 1.6 kb with the BamHI 

25 digestion and the EcoRI-BamHI digestion. These results 
are in agreement with the mapping by Arlat et al . 
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(Molecular Plant-Microbe Interactions, 1991, 4: 593- 
601) and the location of the hrpB5 gene described 
above. None of the RPA~BIOCAT strains studied shows a 
hybridization signal with HRPB5, which is coherent with 
5 integration of the ^hrpAl-C2 deletion into the genome 
of these RPA-BIOCAT strains 1016, 1017, 1019, 1021 and 
1022 (figure 2 shows only the hybridization result 
obtained with the RPA-BIOCAT strains) . 

The"1t:esults obtained with the HRPC2 probe 

10 (figure 3) show, for the RPA-BIOCAT82 6 strain, a 

hybridization signal at approximately 5.5 kb with the 
EcoRI digestions and a signal at approximately 2 . 6 kb 
with the EcoRI-BamHI digestion. These results are in 
agreement with the mapping by Arlat et al . (Molecular 

15 Plant-Microbe Interactions, 1991, 4: 593-601), the 
organization of the hjtrp genes in X, cmnpestiris pv 
vesicatoria. (Fenselau et al . , 1992, Molecular Plant- 
Microbe Interactions, 5: 390-3 96) and the location of 
the hrpB5 gene described above. The results obtained 

20 with the RPA-BIOCAT strains 1016, 1017, 1019 and 1021 
show a signal between 7 and 8 kb with the BaraHI 
digestions and a signal at 4.4 kb with the EcoRI-BamHI 
digestions. Given the mapping shown in figure 1, these 
results are coherent with integration of the AhrpAl-C2 

25 deletion into the genome of the RPA-BIOCAT strains 
1016, 1017, 1019, 1021 and 1022. 
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Finally, the results obtained with the 
HRPB'Al probe show, for the RPA-BIOCAT82 6 strain, a 
hybridization signal at approximately 7.3 kb for the 
EcoRI-BamHI digestion. With the RPA-BIOCAT strains 
5 1016, 1017, 1019 and 1021, this hybridization signal is 
at 4.4 kb, which is coherent with integration of the 
AhrpAl-C2 deletion into the genome of these strains. 

EXAMPIiK 5: 

Virulence of the stirains derived from RPA- 
10 BIOCAT826, containing an HrpAl-C2 deletion 

The virulence tests were carried out on 
cabbage plants [Brassica oleracera var. captiva 
cultivar Siria) , the seeds of which were obtained from 
Clause Semences (av. Lucien Clause, 91221 Bretigny-sur- 

15 Orge, France) , The plants were cultivated in a climatic 
cell according to the following parameters: 14 hours at 
25°C, 55% humidity, saturating light intensity 
(4 000 W/m) ; 10 hours at 25°C, 60% humidity. They were 
infected at the 2 -leaf stage, i.e. approximately 13 

20 days after sowing. For each strain tested, 8 plants 

were used, piercing the first leaf in the midrib of the 
terminal portion using an infected toothpick. The 
toothpick was contaminated by immersing its tip in a 2- 
day culture of the strain studied in MSX medium 

25 (approximately 10^ bacteria/ml) . The negative controls 
consisted of a mixture of reference strains of 
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Jlf. campestris pv vesicatoiria (B229RI strain = RPA- 
BIOCAT381 and B230RII strain = RPA-BIOCAT3 82 ) , 
phytopathogenic on peppers, isolated at Clause 
Semences . The positive controls consisted of a mixture 
5 of reference strains of X. campestris pv campestris 
(2963 strain = RPA~BIOCAT379 and 63C2Aiyi strain = RPA- 
BIOCAT3 80) , phytopathogenic on cabbages, isolated at 
Clause Semences. The symptoms (V-shaped yellow lesions) 
were read and^^easured 12 and 14 days after infection. 

10 For each plant, a score was given corresponding to the 
following: 0, no symptoms, 1, depigmentation located 
close to the point of infection; 2, necrosis less than 
0.5cm^; 3, necrosis of 0.5 to 1.5 cm^; 4, necrosis 
greater than 1.5 cm^; 5, generalized necrosis of the 

15 leaf. The sum of the scores of the 8 plants infected 
with the same strain is the pathogenicity score for 
this strain (table 1) . 

Table 1 : Phytopathogenicity of the strains of Xanthomonas 



STRAINS 


D + 12 


D + 14 


BIOCAT 381/382 


0 


0 


BIOCAT 379/380 


32 


39 


BIOCAT826 


28 


34 


BIOCAT 1016 


4 


4 


BIOCAT 1017 ■ 


5 


5 


BIOCAT 1019 


2 


3 


BIOCAT 1021 


1 


1 


BIOCAT 1022 


4 


5 



While the RPA-BIOCAT826 strain, causes 



20 progressive withering of the leaf, the constructed 
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strains, caused, at most, localized necrotic withering, 
which reflects a lack of pathogenicity. 
KX2^MPI.E 6: 

Production of xanthan by the strains derived 
5 from RPA-BIOCAT826, containing an HrpAl-C2 deletion 

The xanthan productivity of the strains was 
assessed by measuring the solids which could be 
precipitated with isopropanol, contained in 40 ml of 
culture. After preculturing for 24 hours in MSX, 100 ml 

10 of MSX medium in 500 ml erlenmeyer flasks were 

inoculated with approximately the same number of 
bacteria (0.4 ml of preculture of OD660 = 0,25), After 
incubation for 6 days at 3 0°C with shaking (200 rpm) , 
40 grams of culture were removed and mixed with 150 ml 

15 of isopropanol. After filtration, the fibers recovered 
were washed twice with 70 ml of isopropanol, before 
being dried and then weighed as they left the oven. The 
operation, carried out on three independent cultures of 
the RPA-BIOCAT826 strain, showed a productivity 

20 variability of about 10%. The results obtained with the 
RPA-BIOCAT82 6 strain and its AhrpAl'-C2 derivatives are 
given in table 2 . 
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Table 2: Xanthan productivity of RPA-BIOCAT826 and of 
its Abj:jpAl-C2 derivatives. 



STRAIN 


DRY WEIGHT Xt (g) 


PRODUCTIVITY ( g / g ) 


BIOCAT82 6 


0.323 


8.1 X 10"^ 


BIOCAT 1016 


0.362 


9.0 X 10"^ 


BIOCAT 1017. 


0.366 


9.1 X 10"^ 


BIOCAT 1019 


0.371 


9.3 X 10"^ 


BIOCAT 1021 


0.334 


8.4 X 10"^ 


BIOCAT 1022 


0-329 


8.2 X 10"^ 



.V- 

The productivities are expressed in grams of 
5 solids extractable with isopropanol per grams of 



culture . 
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CLAIMS 

1- A bacterial strain which has lost the 
phytopathogenic nature by inactivation of at least one 
virulence gene, which has conserved the ability to 
5 produce exopolysaccharide and which does not contain 
DNA foreign to its natural genetic inheritance. 

2. The bacterial strain as claimed in claim 
1, characterized in that it has been made stably 
nonphytopathogenic by inactivation of at least one 

10 gene, advantageously at least two genes, preferably at 
least three genes, of the hrp or hrc gene group. 

3 . The bacterial strain as claimed in claim 
1 or claim 2, characterized in that it has been made 
stably nonphytopathogenic by inactivation of 5 to 9 

15 genes of the hjrp or hrc gene group . 

4. The bacterial strain as claimed in claim 
1, characterized in that it is a Xanthomonas strain 
which has lost the phytopathogenic nature by 
inactivation of at least one viirulence gene, and which 

20 has conserved the ability to produce exopolysaccharide. 

5. The Xanthomonas strain as claimed in 
claim 4, characterized in that it is of the species 
Xanthomonas campestris . 

6. The Xanthomonas strain as claimed in 
25 claim 5, characterized in that it is Xanthomonas 
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campestris pv campestris . ^"^^'ir • vvt'v;^''^'^^ 

7 . The Xanthomonas strain as clai^med in any 
one of the preceding claims, characterized in that the 
inactivation of said gene(s) is obtained by deletion of 
a region of DNA of at least 1 kb, preferably at least 
3 kb, advantageously at least 5 kb, in the hrp or hrc 
gene group, and in that it conserves the ability to 
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Title 18 of the United States Code and that such willfiil false statements may jeopardize the validity of the application 
or any patent issued thereon. 



FULL NAME OF SOLE OR FIRST INVENTOR | Jerome PIERRARD 


Signature 




Date 




Residence (City, State, Country) 


Saint Didier Au Mont D'Or, FRANCE 


Citizenship 


FRANCE 


Mailing Address 


6, chemin des Lavandieres 


City, State, ZIP, Country 


69370 Saint Didier Au Mont D'Or, FRANCE 


FULL NAME SECOND INVENTOR, IF ANY | Jean-Luc SIMON 


Signature 




Date 




Residence (City, State, Country) 


Lille, FRANCE 


Citizenship 


FRANCE 


Mailing Address 


266, rue Solferino 


City, State, ZIP, Country 


59000 Lille, FRANCE 
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FULL NAME THIRD INVENTOR, IF ANY 


Haule CHEVALLEREAU 


Signature 




Date 




Residence (City, State, Country) 


Melle, FRANCE i<^y 


Citizenship 


FRANCE ^ 


Mailing Address 


59, rue des Joncheres 


City, State, ZIP, Country 


79500 Melle, FRANCE 


FULL NAME FOURTH INVENTOR, IF ANY 




Signature 




Date 




Residence (City, State, Country) 




Citizenship 




Mailing Address 




City, State, ZIP, Country 




FULL NAME FIFTH INVENTOR, IF ANY | 


Signature 




Date 




Residence (City, State, Country) 




Citizenship 




Mailing Address 




City, State, ZIP, Country 




FULL NAME SIXTH INVENTOR, IF ANY | 


Signature 




Date 




Residence (City, State, Country) 




Citizenship 




Mailing Address 




City, State, ZIP, Country 




FULL NAME SEVENTH INVENTOR, IF ANY | 


Signature 




Date 




Residence (City, State, Country) 




Citizenship 




Mailing Address 




City, State, ZIP, Country 





1. 



(10/01) 



